Abstract: Breast cancer (BC) is the most common female malignancy within the spectrum of human cancer. One promising way to reduce the mortality and morbidity of BC is to explore novel diagnostic markers for early diagnosis and prognostication. The neutrophil lymphocyte ratio (NLR) is a good reflection of inflammation, which plays an important role in tumor progression and metastasis. However, the association between NLR and BC prognosis remains unclear. The aim of this meta-analysis is to explore the prognostic value of NLR in BC. Among the screened references in the database, 12 eligible studies were identified in this study. Patients with a higher NLR had a shorter disease-free survival (hazard ratio =1.46, 95% confidence interval: 1.12-1.90, P=0.044) and overall survival (hazard ratio =2.03, 95% confidence interval: 1.41-2.93, P,0.001). In the subgroup analysis of NLR and disease-free survival, the studies from Eastern countries had a positive result with perfect homogeneity (I 2 =0); however, this homogeneity has not been achieved in studies from Western countries. In the subgroup analysis of the NLR and overall survival, the results of the univariate and multivariate analyses were completely different, with different heterogeneity. In the luminal A and luminal B subtypes, we found that there was no association between the NLR and overall survival in the BC patients. Positive results were obtained in the analyses of the human epidermal growth factor receptor 2 (HER2)-positive and triple-negative BC subtypes. In conclusion, this meta-analysis suggests that NLR is a good prognostic marker for BC, and patients with a higher NLR have poorer prognoses. Future studies should perform more detailed investigations to decrease heterogeneity and determine the appropriate cut-off values for different races.
Background
Although the diagnosis and treatment of breast cancer (BC) has improved in the past few years, it is still the most common female malignancy worldwide. 1 In 2012, ~1.7 million women were diagnosed with BC, and .521,000 women died of the disease. 2 A very steep increase in incidence and mortality was observed in 2012 compared to 2008 (21.2% and 13.6%, respectively). Developing countries have a lower incidence of BC than developed countries, but the mortality is high due to the lack of diagnosis and treatment. 3 Due to its complex nature, the progression and prognosis of BC are not yet well understood. Some of the proven molecular prognostic assays, such as Oncotype dx ® and Pam-50 ror ® , are expensive and inaccessible to most patients. 4 Therefore, predictive factors with economical and practical advantages are desirable.
submit your manuscript | www.dovepress.com
Dovepress

wei et al
A routine blood test is widely used as a traditional detection method prior to surgery. Previous studies found that the neutrophil lymphocyte ratio (NLR) could provide a prompt representation of the state of inflammation, which might play key roles in tumor growth, progression, invasion, and metastasis. 5, 6 Many inflammatory factors are associated with BC prognosis. The preoperative C-reactive protein level is an independent prognostic factor of disease-free survival (DFS) and overall survival (OS) in node-negative BC. 7 Human epidermal growth factor receptor 2 (HER2)-negative patients with increased interleukin (IL)-6 and -8 levels have a shorter relapse-free survival. 8 The coexpression of IL-6 and tumor necrosis factor-α is a better predictive marker of BC survival than either factor in isolation. 9 However, the association between the preoperative NLR and prognostic value in BC patients remains controversial. It should be noted that some studies indicate patients with a lower NLR had a better prognosis, whereas other studies have failed to show an association. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Thus, a meta-analysis of the association between the pretreatment NLR and the prognosis of BC patients is warranted.
Materials and methods
Search strategy
A systematic search of the relevant literature was performed in the PubMed and Web of Science databases, including the Science Citation Index Expanded. The deadline for the date of publication was November 30, 2015. Reference lists of the identified studies were also examined to identify additional eligible studies. If new relevant articles were found, an adjusted search was performed. The final search terms were: (neutrophil lymphocyte ratio) OR (lymphocytosis) OR (lymphocytopenia) OR (neutrophilic leukocytosis) OR (neutrophilicgranulocytopenia) OR (NLR) AND (breast tumor OR breast cancer OR breast carcinoma).
inclusion and exclusion criteria and the literature screening process
The inclusion and exclusion criteria were developed compared to those used in previous studies. The inclusion criteria were: 1) the articles to be published in English, 2) sufficient data (the hazard ratio [HR] and 95% confidence interval [CI]) to be provided on the pretreatment NLR and prognosis (DFS or OS), 3) the HR and 95% CI to be obtained by univariate or multivariate analyses, and 4) the studies to be approved by the local ethics committees. The exclusion criteria were: 1) the studies did not supply the details of the HR and 95% CI and 2) review articles, nonclinical studies, letters, expert opinions, conference summaries and case reports. The following process was used to screen and evaluate the literature: 1) the search results were combined; 2) duplicate articles were removed; 3) articles with insufficient information were removed; 4) studies that did not meet the language requirement, publication type, or relevant search terms were excluded; and 5) studies of NLR and BC prognosis were retrieved.
Data extraction
Two authors (BW and MY) independently reviewed the studies and extracted data from each study. When a disagreement occurred, the article was discussed by all the authors. If the patients were enrolled in more than two studies, only the most recent study was included. The quality was assessed using the Newcastle-Ottawa Quality Assessment Scale, and studies with scores $6 were defined as high-quality studies. For each study, the following characteristics were collected: PMID (PubMed Unique Identifier), author's name, region, year of publication, journal title, predominant treatment (surgical or nonsurgical), the number of patients, the HRs, and the 95% CIs.
Statistical analysis
All of the data from the enrolled studies were stored and analyzed using STATA SE 12.0 (StataCorp LP, College Station, TX, USA). To analyze the differences according to race, the definition of high and low NLRs (cut-off value) was consistent with the original study. The author's favorite value (the value used in the subsequent multivariate analysis) was chosen if more than two values were reported in the study. The HRs and 95% CIs from the univariate and multivariate analyses were extracted from each study and used to generate a pooled HR. The detailed association between NLR and OS in estrogen receptor (ER)-positive and/or progesterone receptor (PR)-positive/HER2-negative disease, ER-positive and/or PR-positive/HER2-positive disease, ER-negative/ PR-negative/HER2-positive disease, and ER-negative/PRnegative/HER2-negative disease was also obtained, where possible. Predetermined subgroup analysis was performed according to region (Eastern or Western), year published (up to 2016), the cut-off value (,3 or $3, the median value), the patient composition (mixed or not), and the analysis method (univariate or multivariate analysis). Cochran's Q test and the Higgins I 2 statistic were used to assess heterogeneity, and Begg's funnel plot and Egger's linear regression were used to evaluate publication bias. The result was defined as heterogeneous when the Higgins I 2 statistic was $50% or the P-value was #0.10 for the Q test. The random-effects model was used if there was heterogeneity among studies; otherwise, the fixed-effects model was used. The HR and 95% CI were considered statistically significant when P,0.05 and the 95% CIs did not overlap in all statistical analyses. Moreover, both
OncoTargets and Therapy 2016:9 submit your manuscript | www.dovepress.com
Dovepress
5569
Neutrophil lymphocyte ratio and breast cancer prognosis an HR and a 95% CI of .1 revealed that the BC patients with high NLRs had poor prognoses (a short DFS or OS). A positive result reflects that the NLR is associated with the prognosis of BC patients, whereas a negative result has the opposite meaning.
Results
Literature searches and study characteristics
The search, selection, and evaluation strategy, as detailed earlier, identified 12 studies appropriate for inclusion in this meta-analysis. A flowchart of the literature search, selection, and evaluation is shown in Figure 1 .
The 12 selected studies from eight different countries included 7,951 patients who were diagnosed with BC. Among them, ten studies presented data on the pretreatment NLR and OS, and eight studies focused on the relationship between the pretreatment NLR and DFS in BC patients. The detailed characteristics of the studies are supplied in Table 1 .
NLR is closely associated with BC prognosis
When considering the overall impact of the NLR on survival in BC patients, we found that the patients with elevated NLRs had shorter DFS (HR =1.46, 95% CI: 1.12-1.90, P=0.044, I 2 =51.5%) and OS (HR =2.03, 95% CI: 1.41-2.93, P,0.001, I
2 =72.7%) ( Figure 2 ).
Sensitivity analysis
Each study was successively deleted to assess the influence of individual studies on the pooled HR ( Figure 3 ). The results of the sensitivity analyses revealed that the corresponding pooled HRs were not radically changed.
Subgroup analysis of the NLR and DFS in BC patients
We found that studies from Eastern countries had positive results, with perfect homogeneity (I 2 =0); this homogeneity was not achieved in studies from Western countries ( Table 2 ). The studies in 2015 and 2016 did not change the result of the main analysis, whereas the studies from 2013 and 2014 had negative results, with high heterogeneity. The results remained positive when the cut-off value was ,3. Only one study included patients with metastasis and the other studies still revealed a positive result, similar to the main analysis. The results of the univariate and multivariate analyses were extremely different, but both analyses revealed slight heterogeneity (I 2 =0).
Subgroup analysis of the NLR and OS in BC patients
Analyses within the same subgroup were performed for NLR and OS in BC patients (Table 3) . We found that studies from both Eastern and Western countries had pooled positive results, with high heterogeneity (I 2 =74.9%, 73.7%). [10] [11] [12] [13] [14] [16] [17] [18] [19] 21, 22 The studies before 2015 presented results similar to the main analysis of NLR and OS in BC patients. [13] [14] [15] [16] 18, 19 A positive result, with less heterogeneity (I 2 =36.1%), was obtained from the studies in 2015 and 2016. 10, 12, 17, 21, 22 Three studies included patients with metastasis, and the other studies agreed with the historical findings in the main analysis. 10, 16, 21 The results of univariate and multivariate analyses were completely different, with different heterogeneity (I 2 =0%, 71.2%).
NLR and OS in BC subtype patients
In the luminal A and luminal B subtypes, we found that there was no association between the NLR and OS in the BC patients (Table 4) . Positive results were obtained in the analyses of the HER2+ and triple-negative breast cancer subtypes.
Heterogeneity analysis
We further explored potential mechanisms of heterogeneity in a meta-regression analysis. Five features (region, year published, cut-off value, patient composition, and analysis method) were assessed in both the DFS and OS studies. The analysis method was nearly considered the source of heterogeneity in the analysis of the association between NLR 
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Neutrophil lymphocyte ratio and breast cancer prognosis and OS (P=0.091). A Monte Carlo permutation test (5,000) was used for multiple tests. The result failed to reveal the source of the heterogeneity (P.0.05).
NLR, DFS, and OS in univariate analyses
The data from the univariate analyses in nine studies were extracted and calculated to determine whether the analysis method affected the heterogeneity (Table 5 ). The pooled results of the univariate analyses were similar to the previous main results.
Publication bias
Publication bias was examined using Begg's funnel plot and Egger's linear regression test. Publication bias was not obvious in either the DFS or OS studies (DFS: P=0.386, 0.705; OS: P=0.283, 0.112).
Discussion
In this meta-analysis, we found that elevated pretreatment NLR was associated with poor prognosis in BC patients. This result was further confirmed by analysis of the HER2+ and triple-negative breast cancer subtypes. To the best of our knowledge, this study is the largest meta-analysis of the NLR and BC patients that has ever been performed.
NLR is reported to influence carcinoma diagnosis, classification, and prognosis. NLR is commonly elevated in patients with gastric cancer, lung cancer, colorectal adenocarcinoma, papillary thyroid cancer, and granulosa cell tumors of the ovary. [23] [24] [25] [26] [27] It has also been shown to increase earlier than CEA in patients with stage I/II colorectal cancer. 28 Furthermore, several studies have reported an association between NLR and tumor grade and stage. A high NLR was observed in patients with G4 glioblastoma compared to those with G3, G2, and G1 glioblastoma. 29 Pang illustrated that gastric cancer patients with high NLRs had a significant risk of lymph node metastasis. 30 In the studies of colorectal cancer, researchers from both Turkey and the People's Republic of China found that NLR was closely associated with TNM stage, 28, 31 indicating that NLR might help to identify a reasonable treatment strategy when combined with laboratory and radiographic evaluations. The benefit of treatment of various cancers is difficult to detect; however, a change in NLR may reflect the effectiveness of therapy. The pattern of NLR changes was remarkably different between the responder and nonresponder patients with muscle-invasive bladder cancer receiving neoadjuvant chemotherapy. 32 The variation between the pre-chemo-and post-chemo-NLR may illustrate the effects of chemotherapy in unresectable or recurrent gastric cancer. 33 Regarding the prognoses of many malignancies, including respiratory, gastrointestinal, hepatobiliary, gynecological, and urinary cancers, the NLR has been shown to deal with it effectively. The pretreatment NLR in patients with combined small-cell lung cancer was not only strongly associated with the stage of disease and tumor recurrence but could also predict the relapse-free survival and OS as an independent prognostic factor. 34 This association, however, was not consistent with the studies of esophageal squamous cell cancer. Xie and Hirahara have indicated that NLR failed to have an independent influence on OS, 35, 36 whereas other studies confirmed that the NLR was an independent prognostic factor for both OS and cancer-specific survival. 37, 38 From a multicenter study of gastric cancer, Gunaldi et al found that NLR had a significant prognostic value compared to platelet lymphocyte ratio. 39 Furthermore, the NLR is better than traditional evaluation systems (Model for End-Stage Liver Disease [MELD] stage and Child-Pugh class) and is used as the prognostic biomarker in patients with The definition of diseases has changed, our classification is consistent with original studies. Abbreviations: BC, breast cancer; CI, confidence interval; HR, hazard ratio; HER2, human epidermal growth factor receptor 2; I 2 , Higgins I-squared; NLR, neutrophil lymphocyte ratio; OS, overall survival; TNBC, triple-negative breast cancer. 
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Neutrophil lymphocyte ratio and breast cancer prognosis hepatocellular carcinoma. 40 A prognostic model for survival, which included NLR, was created in a study of patients with advanced pancreatic cancer who were receiving palliative chemotherapy. 41 When combined with platelet lymphocyte ratio, NLR could be used to stratify patients with endometrial cancer into groups based on risk; the high-risk group had a 2.5-fold higher risk than the low-risk group. 42 In addition, adrenocortical carcinoma patients with elevated NLRs had a nearly twofold higher risk in an analysis of disease-specific survival and relapse-free survival. 43 Neutrophil and lymphocyte counts can be altered by various physiological and pathological processes. NLR, however, has been shown to be better than the individual neutrophil, lymphocyte, and total leukocyte counts at predicting the prognosis of BC patients. 44 At present, the mechanism of the association between NLR and the prognosis of patients with BC is not completely clear. One study found that neutrophils were stimulated by BC cancer cells to produce oncostatin M, which affects vascular endothelial growth factor expression and increases BC cancer cell detachment and invasive capacity. 45 Furthermore, neutrophils increased the migration of MDA-MB-468 human BC cells through intercellular adhesion molecule-1. 46 Recently, Coffelt et al reported that induced by tumor cells, a large number of neutrophils suppressed CD8
+ T lymphocytes and promoted metastasis through immunosuppression in a single model of BC. 47 In another study, neutrophils played a key role in metastatic initiation by promoting leukotriene production, which helps the tumor cells to colonize distant tissues. 48 Neutrophils activated by a2 isoform V-ATPase (a2NTD) had a positive influence on angiogenesis and BC cell invasiveness. 49 In addition, it has been known that lymphocytes exhibit antitumor activity in the adaptive immune system. Peripheral lymphocyte count can predict tumor recurrence and survival in both early and metastatic BC. 50, 51 Patients with elevated tumor-infiltrating lymphocyte counts would have better survival, particularly in triple-negative breast cancer and HER2-overexpressing BC. 52, 53 These findings are consistent with our subtype results. These studies show that the NLR may reflect the situations of different inflammatory and immune pathways; in turn, patient prognosis is influenced by both neutrophils and lymphocytes.
In the past 5 years, the predictive role of NLR has been demonstrated in multiple meta-analyses of different types of cancer. Li et al first illustrated that an increased NLR was associated with shorter progression-free survival in a meta-analysis of colorectal cancer. 54 This association was also noted in metaanalyses of gastric and non-small-cell lung cancer. 55, 56 DFS was worse for patients with elevated NLRs in most of the metaanalyses of gastric cancer, hepatic carcinoma, and esophageal carcinoma. [57] [58] [59] Yodying et al illuminated that there was no association between the NLR and DFS in esophageal carcinoma. 60 In fact, the associations between NLR and OS in cancer patients have been reported in several meta-analyses. 54, 55, 57, 58, 61 Two meta-analyses on NLR and BC were published in 2014 and 2015. 62, 63 Due to time constraints and improper data processing, there are several limitations in these studies. Firstly, in clinical practice it is important to classify BC into subtypes; however, these were not sufficiently addressed in the studies by Templeton and Chen. 62, 63 The previous meta-analyses also have small sample sizes compared to this study, with 1,195 and 4,293 patients, respectively. 62, 63 We also note that in previous studies by Templeton and Chen, both the studies by Azab were included as independent studies; however, there was some crossover of patients and therefore we have only included the 2013 study in our analysis. The 2012 study by Azab does not have enough data on HR and 95% CI. Finally, there has been an increase in publications in this area in the last year with seven new studies on DFS and a further seven new studies on OS, many of which we have included in our analysis. 
Limitations
Although we carefully calculated the potential association between NLR and prognosis of BC patients from the most recent studies and attempted to derive reliable conclusions for clinical applications, some limitations still exist in our study. First, heterogeneity is a universal problem that may affect the stability of the results from all meta-analyses. Our main results were positive, with high heterogeneity. Based on the results from the subgroup analyses, the analysis method, region, and cut-off value might explain the heterogeneity. Furthermore, the analysis method was nearly considered the source of heterogeneity in the meta-regression of OS (P,0.01). However, when the DFS and OS were calculated using only the data from the univariate analyses, the results failed to achieve the values with homogeneity. Therefore, the heterogeneity might originate from the differences among the studies instead of the analysis method. Second, only five studies were enrolled for the analysis of the association between the NLR and prognosis among the BC patient subtypes. 10, [12] [13] [14] 17 Therefore, the conclusion is preliminary and should be examined in future studies.
Conclusion
Overall, this meta-analysis suggests that the pretreatment NLR is associated with the DFS and OS in BC patients. Future studies should perform additional detailed investigations to 
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